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Abstract 
Background: The aim of this trial was to assess the feasibility of the future definitive 
study that will define the effects of aerobic threshold based exercise on ventilatory 
efficiency in sedentary adult female asthma patients.  
Methods: Six female asthma patients performed an individualized aerobic training 
program for 7 weeks with their ventilatory parameters measured before and after 
exercise intervention using breath-by-breath gas analysis and graded treadmill test 
until volitional exhaustion. Paired samples t-test was used to compare baseline and 
control values.  
Results: Statistically significant changes in resting ventilatory equivalents for oxygen 
and carbon-dioxide, increases in exercise capacity, decrease of nadir ventilatory 
equivalents for oxygen and carbon-dioxide values and a shift of the aerobic threshold 
and associated heart rate toward higher exercise intensity were noted as a result of 
training adaptation (p < 0.05). The participants’ medicament diary demonstrated a 
decrease in daily inhaled therapy and in personal rating of perceived exertion (p < 
0.05).  
Conclusions: These results suggest feasibility of individual aerobic threshold based 
exercise contribution toward asthma control in asthma patients. 
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Introduction 
Asthma represents a chronic disorder of the airways characterized by 
reversible and intermittent airway obstruction, airway inflammation and hyperactivity 
of the airways.1 This disorder is placing a substantial strain on the health care system 
due to high prevalence and overall burden.1 Individuals with moderate and severe 
asthma have difficulty performing normal daily tasks, which limits their physical 
activity and results in exercise avoidance, directly affecting everyday life quality.2 
Studies have shown that asthma associated inactivity is related with the number of 
hospitalizations and is known as the strongest predictor of all-cause mortality due to 
peripheral muscle wasting and deconditioning of the respiratory and skeletal 
muscles.2,3 Although asthma patients do not have limited exercise capacity except 
under acute periods, studies have demonstrated benefits of aerobic exercise, as a part 
of a pulmonary rehabilitation program, improving asthma control and reducing 
ailment related factors.4,5,6 
For this purpose, cardiopulmonary exercise testing (CPET) has demonstrated 
clinical usefulness in the evaluation of asthma severity and objective determination of 
exercise intensity.7 Furthermore, CPET warrants evaluation of the impact of 
therapeutic interventions on patients exercise capacity and components of the exercise 
response directed at improving breathing strategy.7,8 Although maximal oxygen 
uptake (VO2max) is the most frequently analyzed parameter, additional ventilatory 
parameters obtained during CPET have demonstrated prognostic value.7,8 One of 
these parameters are ventilatory equivalents for oxygen (VE/VO2) and carbon dioxide 
(VE/VCO2). The VE/VO2 describes the ratio of ventilation (VE) divided by how 
much oxygen (O2) is consumed with VE/VCO2 representing the ratio of ventilation 
divided by how much carbon dioxide (CO2) is produced; an index of the ventilatory 
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efficiency of the lungs.9 The normal VE/VO2 pattern is a drop early in exercise to its 
nadir, reaching a point of optimal ventilatory efficiency (PoW) and then an increase 
as maximal exercise capacity is approached.10,11,12 VE/VCO2 also decreases 
hyperbolically to minimal values similar to or slightly higher to that of VE/VO2.12 
Analysis of these parameters has proven useful for assessing the presence and severity 
of lung diseases while allowing an overview of patterns related to the ventilatory 
response and metabolic demands of exercise.7,8 Since inefficiency of ventilation 
results from presence of high airway resistance and decrease in pulmonary perfusion 
of the ventilated lung, respiratory abnormalities relative to metabolic demand would 
be expected in asthma patients. Such abnormalities include a trending of increased 
resting and nadir VE/VO2 & VE/VO2 values; decreased ventilatory efficiency.7,8  
Though studies suggest evaluation of exercise capacity as a guide to prescribe 
exercise intensity by means of percentage of maximal oxygen uptake (% VO2max), 
recent studies highlighted the fact that using fixed percentages can ultimately lead 
toward existence of a wide “aerobic exercise zone“, being not individual specific.13,14 
As a follow-up, some studies reported higher effectiveness of aerobic exercise in 
different clinical populations when performed as an individualized program of aerobic 
threshold (AeT) based exercise.13,15,16 Obtained during a graded exercise test (GXT) 
via gas or blood analysis by means of CPET, AeT matches PoW and represents an 
specific indicator of exercise intensity which in turn could be used for more individual 
exercise prescription.17 Therefore, the prescription of AeT based exercise may be a 
valid tool to move from a commonly used wide “aerobic exercise zone” to a more 
optimal individual exercise intensity in asthma patients.  
Several studies have examined the effects of AeT based exercise on exercise 
capacity in asthmatic children.5,18 However, currently published data allow no insight 
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in the effects of AeT based exercise on ventilatory efficiency and exercise capacity in 
sedentary adult female asthma patients. If this simple, non-invasive method could be 
shown to be useful, it might serve to supplement other procedures currently used to 
monitor clinical course and treatment of asthma providing a more accurate 
individualised approach. 
Based on the above consideration, this trial aimed to examine the feasibility 
for a future controlled study that aims to assess the benefits of AeT based exercise on 
ventilatory efficiency and exercise capacity in sedentary adult female asthma patients. 
In this pilot, we hypothesised how performing exercise at the AeT can provide 
clinical benefit toward an increase in ventilatory efficiency and exercise capacity, 
directly affecting everyday life quality in observed population. 
 
Methods 
Study population 
Six sedentary female adults with mild-moderate persistent asthma as defined,1 
with at least a ten years disease history were eligible for enrolment, with number of 
the subjects reflecting the availability of patients to participate. Their morphological 
and anthropometric values were: age 42.8 ± 4.6 y, height 165.6 ± 6.4 cm; weight 66.3 
± 4.6 kg, BMI = 24.2 ± 0.11 kg·m-2. All participants were recruited via personal 
meetings or personally contacting the testing facility. Prior to testing, all participants 
completed a questionnaire regarding their health status and activity levels. 
Furthermore, a physician diagnosis of asthma and documentation evidence was 
provided. All participants were clinically stable (no changes in standard daily therapy 
and no quick-relief rescue asthma medicines over the last 3 months prior to study) and 
using long-acting beta 2-agonists salmeterol in conjunction with corticosteroids via 
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metered-dose inhaler therapy two inhales a day (25 µg salmeterol with 250 µg 
fluticasone propionate), 12 h apart. Furthermore, all participants were closely 
monitored by their physicians for the duration of the intervention and allowed to use 
medication therapy as needed. Participants were excluded if they were smokers or 
demonstrated any other pulmonary disease or if they practiced any organized physical 
activity prior to this intervention. Participants’ characteristics were assessed at the 
first laboratory visit using a standard stadiometer and a BC - 418 Segmental Body 
Composition Analyser (TANITA® Tokyo, Japan). Participants were asked to abstain 
from any physical activity 48 h prior to the testing sessions and to refrain from 
consuming caffeine, alcohol, supplementations and additional medications on the 
testing days. The testing was performed in a laboratory with standardized 
environmental conditions (21 oC, 43 % humidity and 270 m above sea level). All 
participants were made familiar with ethical principal of the study, potential health 
risks and feasibility objectives and willingly singed an informed consent statement 
regarding publication of the data. The entire research project complied with the policy 
statement with respect to the Declaration of Helsinki and was approved by the 
Institutional ethical committee (dr sc Popovic Mira, 255/17, 25.05.2017). 
 
Study intervention 
The participants were enrolled in 7-week exercise program consisting of 60 
min aerobic exercise three times a week performed at a heart rate (HR) corresponding 
to intensity of AeT. All training session were performed in the evening, from 18:00 
till 19:00 o’clock.  The aerobic exercise program was supervised by a physical 
therapist and monitored using HR Polar team system (POLAR®, Kempele, Finland). 
In order to produce adequate stimuli, participants were training at intensity matching 
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100% - 110% their individual AeT.19 Participants were allowed to use medication 
therapy as needed during the exercise program. Furthermore, they were instructed to 
continue their everyday nutritional habits, to maintain a diary of medication use and 
personal rating of perceived exertion log (RPE). The study intervention started with 
baseline CPET evaluation followed by a 7-week exercise intervention. At the 
conclusion of the intervention, control CPET assessment was repeated and compared 
with preliminary data. Measured variables were: VO2max, resting VE/VO2, nadir 
VE/VO2, resting VE/VCO2, nadir VE/VCO2, AeT and matching HR.  
 
Testing protocol 
CPET was performed between 10:00 and 14:00 h for both baseline and control 
test sessions to avoid circadian variance. In order to obtain required parameters, 
participants performed GXT on a T170D motorized treadmill (COSMED®, Rome, 
Italy) until volitional exhaustion. Oxygen consumption (VO2) and carbon dioxide 
production (VCO2) were assessed during exercise by breath-by-breath Quark PFT 
Ergo (COSMED®, Rome, Italy) system. The system was calibrated before each test 
by using certificated gas mixtures of known concentrations (O2 20.93 %; CO2 5.20 
%). A 3-L syringe verified the flow of gases. Fluctuations of breath-by-breath data 
were minimized using a 6 breaths smoothing and consequent 30 sec averaging as 
instructed by the manufacturer. VO2max obtained was presented in millilitres per 
kilogram of body weight per minute (ml·kg-1·min-1) and determined using the 
following criteria: a respiratory exchange ratio (RER) ≥ 1.15 or a plateau of VO2 in 
spite of a load increase.20 AeT was determined manually via ventilatory gases and 
based on the VE/VO2 method.10 Participants HR was continually monitored with 
integrated monitoring system (POLAR®, Kempele, Finland) and presented in beats 
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per minute (beats·min-1). The GXT protocol used consisted of three stages: rest, 
exercise and recovery. The resting stage (3 min) was performed to obtain baseline 
values and assure low starting HR. The exercise stage initial speed was 4 km·h-1 
followed by an increase in speed of 1 km·h-1 every 2 min until volitional exhaustion. 
Treadmill incline was kept constant at 1 %. The subjects were instructed to self-select 
when the transition from a walking pace to a run occurred. Exercise stage was 
followed by a 3 min active recovery that consisted of walking at the starting speed in 
order to observe physiological recovery of the subjects. All participants underwent a 
15 min walking trial 24 h prior to testing to familiarize them with the treadmill and 
breathing apparatus.  
 
Statistical analysis 
All data were analysed and presented as mean and standard deviation (SD), 
followed a 95% confidence interval (CI) using the MedCalc (MEDCALC®, Ostend, 
Belgium) software. Paired samples t-test repeated measures design for pre- and post-
intervention was used to compare baseline and control values. The Shapiro-Wilk test 
was used to examine if the measured experimental variables were normally 
distributed. For all statistical analyses, significance was accepted at p ≤ 0.05. 
 
Results 
No participants were excluded from the study. According to their body 
composition and BMI results, all participants fell into the healthy range (BMI < 25 
kg·m-2). Participants’ ventilatory values for pre- and post-intervention with statistical 
validity can be seen in Table 1. The paired t-test comparison of pre- and post-
intervention mean pulmonary scores showed statistically significant changes such as 
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decrease of resting VE/VO2 & VE/VCO2 values, increase in general aerobic capacity, 
decrease of nadir VE/VO2 & VE/VCO2 and shift of AeT associated HR toward higher 
exercise intensity as a result of training adaptation (Table 2). Improvements in 
maximal and submaximal exercise tolerance were observed in all subjects (Figure 1). 
Statistically significant improvements were observed in ventilatory equivalents for 
VE/VO2 & VE/VCO2, both resting and nadir values (Figure 2). 
The participants’ medications diary demonstrated decrease in their daily 
inhaled standard therapy from two times a day, to one time a day while dosage 
remained the same with no report regarding quick-relief medications usage (p < 0.05). 
Decrease in RPE for exercise sessions and everyday activities were also reported. 
No connection was observed when pre- intervention values of VO2max were 
correlated with pre- intervention AeT (r = 0.53, p = 0.28), nadir VE/VCO2 (r = 0.56, p 
= 0.25) and nadir VE/VO2 (r = 0.59, p = 0.22). However, a post- intervention 
correlation assessment revealed a positive correlation between VO2max and nadir 
VE/VO2 (r = 0.86, p < 0.03). 
 
Discussion 
Our pilot intervention results show how 7-weeks of AeT individualized based 
exercise may be a feasible methodology for improvement of ventilatory efficiency 
and increase in exercise capacity in adult sedentary female patients with stable 
asthma. In our study, subjects increased their maximal and submaximal exercise 
tolerance time by means of both VO2max and AeT improvement as a result of 
adaptation to individualized aerobic exercise program. Furthermore, improvements in 
ventilatory efficiency, both resting and exercise, were observed followed by decrease 
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of daily medications usage and decrease of RPE. Although subjects failed to reach 
healthy subjects values, the magnitudes of the changes are very promising.  
Our observations were confirmed by previous studies on asthmatic individuals 
where improvements in general exercise capacity through marked enhancements in 
AeT, associated HR and VO2max values following individualized AeT based training 
were observed.15,18,21 This phenomenon was explained as a general adaptation to 
aerobic training through improvements in cardiac function and oxygen extraction 
capacity, being associated with a reduction in exercise-induced bronchospasm, 
directly increasing the ability of the asthma patients to perform submaximal 
exercise.22 AeT based exercise has been previously recommended as an additional 
therapy for improvements of ventilatory efficiency in cardiac patients, suggesting 
possible existence of a safe exercise zone, which could also be used in asthma 
patients, to maximize the effects of exercise regimes.16,23 These studies demonstrated 
substantial VE/VO2 slope improvement (6% to 23%) after AeT based training 
programs and match our observation on asthma patients. It is possible that in patients 
with pulmonary diseases there is a threshold ventilatory rate at which exercise 
induced bronchoconstriction is triggered enabling better respiratory comfort and 
argues in favour of the better efficiency of exercise therapy.24 To elaborate, if exercise 
training allows a patient to exercise more before reaching the threshold for triggering 
exercise induced bronchoconstriction; which we believe to be at intensity somewhat 
above AeT, that patient may report an increase in exercise capacity and ventilatory 
efficiency without experiencing exercise induced bronchoconstriction providing a 
plausible mechanism for our observation.24 
Poor ventilatory efficiency; increased resting and nadir VE/VO2 and 
VE/VCO2, typical for asthma patients, was observed in our study. Our observation 
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was confirmed in previous studies.25,26 Ingle et al. (2012) suggested that the high nadir 
VE/VO2 and VE/VCO2 values were the most stable marker of ventilatory inefficiency 
in asthma patients.  Several mechanisms such as ventilation perfusion discrepancy, 
impaired diffusion of metabolic gases, respiratory muscle weakness and increased 
sensitivity of peripheral receptors have been suggested as possible causes.1,4 Neder et 
al. (2017) advocates how a high nadir VE/VCO2 is reciprocally associated with 
greater exertion dyspnea scores and inferior exercise tolerance in asthma patients. 
Therefore, beneficial characteristics of AeT based programs may possibly reduce 
breathlessness and asthma symptoms, but not airway inflammation, by strengthening 
respiratory muscles, thus decreasing minute ventilation during exercise directly 
influencing ventilatory efficiency.21 However, effects of AeT based exercise on 
ventilatory efficiency in sedentary asthma patients remain unclear and require further 
examination.  
Furthermore, studies suggest that the both AeT and nadir VE/VO2 are 
correlated with VO2max in patients with pulmonary disorders.23,25 Our findings 
however, confirm such connection only in case of nadir VE/VO2 and VO2max, 
requiring further examination. 
Apart from exercise capacity and ventilatory efficiency improvements, 
subjects reported a decrease in daily medications usage as well as an improvement in 
daily activity RPE while staying clinically stable (they demonstrated no need for 
quick relief rescue medications for the duration of the study). Based on CPET 
evaluation, these improvements were quantified by the participant’s physicians. Our 
observation was previously confirmed.24,27 We consider possible improvement in auto 
knowledge of physical fatigue perception through increase in exercise capacity which 
leads to improvement in living disciplines as well as better ventilation/perfusion and 
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less CO2 retention without bronchoconstriction dyspnoea could offer possible 
explanation for our observation. However, examining connection between AeT based 
exercise and medications usage in sedentary adults with asthma requires additional 
investigation.  
Completion of the current intervention highlighted several areas that need to 
be modified in preparation for a future clinical study. This trial consisted of a single 
group design based on the availability of subjects and lacked a control group. Future 
studies should consider the inclusion of a control group to confirm the findings 
reported here. A control group using asthma patients performing non-individualized 
aerobic exercise would provide useful comparisons to the data obtained in this trial. 
These comparisons would substantiate if observed changes were direct result of 
prescribed AeT individual exercise or coincidence. Our sample size possibly limits 
our statistical power, however noteworthy differences were observed in variables 
examined. An adequate sample size will be needed to fully understand the impact of 
this individual approach. Clinical outcome measures should be expanded to include 
additional lung function parameters, such as fraction of oxygen and carbon dioxide in 
expired air (FeO2, FeCO2), dead space over tidal volume ratio (VD/VT), partial 
pressure of oxygen and of carbon dioxide (PO2, PCO2) etc.  
 
Conclusions 
These results suggest feasibility of usage of AeT based exercise as more 
individualized exercise approach for asthma patients. Moreover, this novel 
understanding may provide innovative therapeutic methods, centered on usage of AeT 
based exercise as a complementing training therapy in the treatment of asthma. 
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Table 1 
Ventilatory characteristics of measured values pre- and post- 7-week intervention (n = 
6) 
Characteristics Pre- Post- p-value 
VO2max 
(ml·kg-1·min-1) 
34.08 ± 2.21 35.96 ± 2.15 0.0004 
Resting VE/VO2 
(L) 
58.17 ± 8.66 42.01 ± 2.53 0.0024 
Nadir VE/VO2 
(L) 
25.00 ± 1.41 21.50 ± 1.52 0.0004 
Resting VE/VCO2 
(L) 
43.67 ± 3.56 41.50 ± 3.45 0.0029 
Nadir VE/VCO2 
(L) 
30.50 ± 1.64 28.17 ± 1.17 0.0026 
AeT 
(ml·kg-1·min-1 of 
VO2) 
20.10 ± 2.47 24.53 ± 2.87 0.0024 
HR at AeT 
(beats·min-1) 
100.67 ± 3.56 107.83 ± 2.56 0.0002 
* Data are mean values (SD), n = number of subjects 
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Table 2 
Differences in measured values pre- and post- 7-week intervention (n = 6) 
Characteristics Mean difference 
95 % CI mean 
difference 
Mean difference 
(%) 
VO2max 
1.90 ± 0.57 
(ml·kg-1·min-1) 
1.30 to 2.50 
(ml·kg-1·min-1) 
5.58 ± 1.67 
Resting VE/VO2 
-16.17 ± 7.00 
(L) 
-23.51 to - 8.82 
(L) 
- 28 ± 12.03 
Nadir VE/VO2 
- 3.50 ± 1.05 
(L) 
- 4.60 to - 2.40 
(L) 
- 14 ± 4.2 
Resting VE/VCO2 
-2.17 ± 0.98 
(L) 
-3.20 to -1.13 
(L) 
- 4.97 ± 2.24 
Nadir VE/VCO2 
-2.33 ± 1.03 
(L) 
-3.42 to -1.25 
(L) 
-7.64 ± 3.38 
AeT 
4.46 ± 1.93 
(ml·kg-1·min-1) 
2.44 to 6.49 
(ml·kg-1·min-1) 
22.19 ± 9.62 
HR at AeT 
7.17 ± 1.72 
(beats·min-1) 
5.36 to 8.97 
(beats·min-1) 
7.12 ± 1.71 
* Data are mean values (SD), n = number of subjects 
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Fig. 1 General fitness level characteristics of pre- and post- 7-week intervention (n = 
6) 
a) AeT location; b) HR at AeT; c) VO2max  
 
* n = number of subjects 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Characteristics of measured pre- and post- 7-week intervention ventilatory 
equivalents values (n  = 6) 
a) resting VE/VO2; b) nadir VE/VO2; c) resting VE/VCO2; d) nadir VE/VCO2  
 
* n = number of subjects 
 
